For an accelerated electron, electrodynamics yields two self-forces on the electron, a radiation reaction force and a previously unappreciated retardation force. These forces are examined and compared. The traditional radiation reaction force exists only when there is radiation that produces a time rate of change of acceleration. A retardation force results whenever the electron's self-field changes due to acceleration, and is present even if there is no radiation and the acceleration is constant. It is found that the retardation force on the electron is >>> the radiation reaction force. In a new way, this circumvents problems of preacceleration, and energy run-away solutions. It is predicted that because the retardation force  F retard manifests itself inertially,  F retard makes the dynamic mass of any accelerated subatomic singly charged particle about 1/137 higher than its rest mass.
Introduction
The traditional view is that an accelerated charged particle experiences a backreaction force in the process of losing energy by radiation. By simple analogy with projectiles fired from a gun, there is a back-reaction force on the particle, which is called the radiation reaction force. However, what is overlooked is that whether or not the particle radiates, there is a retarding force simply because the charged particle is accelerated. As we shall see, whether and when an accelerating charged particle radiates is a subtle matter. And even more profoundly troubling questions relate to the effects of the radiation reaction force. Richard Feynman's [2] remarks on the importance of the radiation reaction force  F rad [at times he calls it radiation resistance] in his Nobel prize speech are noteworthy: "When you accelerate an electron it radiates energy and you have to do extra work to account for that energy…. So, the force of radiation resistance, which is absolutely necessary for the conservation of energy would disappear if I said that a charge could not act on itself." His ideas evolve to: "Thus, it became clear that there was the possibility that if we assume all actions are via half-advanced and half-retarded solutions of Maxwell's equations and assume that all sources are surrounded by material absorbing all the light which is emitted, then we could account for radiation resistance as a direct action of the charges of the absorber acting back by advanced waves on the source." Independently in the more limited context of just  F rad , Dirac also used advanced potentials. As we shall see, charge can act on itself even when it is not radiating. Feynman's many insights had farreaching consequences in developing his version of quantum electrodynamics. However, problems related to the radiation reaction force are still with us both classically and quantum mechanically. In the quantum theory of electrodynamics the question of radiation reaction for an electron leads to sizable difficulties. To date these have only been resolved in a somewhat arbitrary manner by means of re-normalization.
Self Retarding Force in Creating Induced Electric and Magnetic Fields
Let us consider the self retarding force on an electron of mass  m, radius  b , and charge  e. Acceleration of the electron creates a time varying magnetic field
which consequently induces an electric field  E which opposes the acceleration.
In differential form the Biot-Savart law is
where   0 is the permeability of free space, and

v is the electron velocity.
In the context of Jefimenko's time dependent generalization [6] of the Coulomb and Biot-Savart Laws, Griffiths and Heald [4] discuss the limitations of these laws, and their possible modification. Even though the eq. (1) form of the BiotSavart law for a very small accelerated charge e is only approximately correct, Jackson [5] [14] . Unexpected solutions can be found to long standing problems [15] . The analysis in the present paper is well suited for the electron because it is structureless and point-like, but should be a good approximation for structured particles like the proton.
In the context of the present paper, the author thinks that inclusion of time retardation effects due to the finite speed of light (electromagnetic propagation) will result in only a small correction to the self retardation force which is an integrated result from the creation of the electric and magnetic fields. For the purposes of this paper the standard form of Maxwell's equations should be adequate, and esoteric questions can be dealt with in a more detailed paper.
We start with Maxwell's Equation, 
where 
to the mass of the electron. For a proton
where
is the Compton radius of the proton. Taking the ratio of eq. (8) to eq.
Because the Compton radius of the proton is smaller than that of the electron, both the proton and electron have proportionately as much electromagnetic accelerated mass added to them relative to their rest mass.
Only charge acceleration is required for a retardation force. For  F retard , it makes no difference if energy resides in the near field, far field, or if it is radiated away or not. There is no requirement for time varying acceleration, nor even bounded motion.
Classical Charge Radiation and the Radiation Reaction Force
The power radiated from an accelerated charge is customarily derived from the condition that the Poynting vector 
We may think of the radiated electric and magnetic fields 
Integrating eq. (11) by parts:
. If the motion is bounded such that z  and/or z  = 0 at the end points t and T:
Thus for bounded motion between the times t and T, substituting eq. (12) in (11) 
One solution for eq. (11) is for the integrand = 0:
As given by eq. (14),  F rad is the conventional radiation reaction force that yields pre-acceleration (acceleration before a force is applied); and energy run-away solutions (self-acceleration), which violate conservation of energy by ending up with more energy than the system had originally. Rohrlich [17] takes the position that sophisticated ways have been found to avoid the problems associated with  F rad . In a more recent paper, O'Connell [11] reviews some of the previous work on the problem of runaway solutions of the Abraham-Lorentz equation for a radiating electron, and concludes that his new approach is needed to really solve the problem. The present paper finds it unnecessary to side with either view since as will soon be shown (14) yields only one of possibly a number of other solutions of eq. (13), which originated from the Larmor formula for  P rad , given by eq. (10). Feynman [3] said "… we have inherited a prejudice that an accelerating charge should radiate …. the power radiated by an accelerating charge [the Larmor formula] has led us astray, …. it does not suffice to tell us 'when' the energy is radiated."
Feynman's first point [3] that it is possible for an accelerating charge not to radiate, is not so much related to non-radiating accelerated electrons in atoms as it is to the equivalence principle. The combination of eqs. (10) and (14) seem to be in contradiction to the equivalence principle of general relativity which argues that a body in free fall is not slowed down even if it were to radiate. A possible reconciliation in the spirit of Rohrlich [17] is that extra energy is stored in the electrostatic field due to being acted on by the gravitational field. Rohrlich argues that a charged particle falls with the same acceleration as a neutral particle, even though it radiates. For him, the extra energy in the electrostatic field accounts for the radiated energy.
Feynman's second point [3] that the Larmor formula for  P rad does not "tell us 'when' the energy is radiated," can easily be illustrated using eq.(10) does not ameliorate these complexities and introduces troubling problems of its own.
The radiation reaction force  F rad was introduced by M. Abraham [1] in 1903 in the third of three papers with the same title. In 1904 H. A. Lorentz [9] generalized what is known as the Lorentz force to include radiation reaction:
Rohrlich [17] gives a brief review of the history of the classical equations of motion of accelerated charged particles including relevant references.
Relative Magnitudes of the Electron Retardation and Radiation Reaction Forces
From eqs. (14) and (5) we have the ratio of the magnitudes of the retardation force  F retard and the radiation reaction force  
So for the retardation force to be much greater than the radiation reaction force, we need
The ratio Hz . Therefore
Relative Magnitudes of the Proton Retardation and Radiation Reaction Forces
From eq. (16), we have
Electromagnetic Accelerated Mass of Singly Charged Subatomic Particles
The (reduced by 2   ) Compton wavelength
is quantum mechanically considered to be the effective radius of interaction for a fundamental particle. Writing eq. (7) for the electromagnetic mass of any fundamental particle, we have (7), gives the relativistic mass increase 
When an electron is accelerated, the dominant relativistic energy change is due to  
Discussion
It is important to make distinctions here to avoid conceptual problems. The electrostatic mass of an electron (or any fundamental charged particle) is distinct from the electromagnetic accelerated mass. We have an electron that when stationary, has a mass Compton , they do not deal with questions related to the non-uniformity of discrete charges as  b gets large. For a realistic representation of a large sphere containing discrete charges, the formulation of the problem would require complications that go well beyond the present calculation. Not the least of these problems would be to properly use the Lienard-Wiechert retarded fields to obtain the Larmor radiated power for a large accelerating charged sphere. To then obtain the radiation reaction force would be a much more difficult problem.
Landau and Lifshitz [7] acridly illustrate the extreme unreasonableness of the possible solutions allowed by the Abraham-Lorentz equation (14) for the radiation reaction force: "… a charge passing through any field, upon emergence from the field, would have to be infinitely "self-accelerated'." In considering the energy source of this difficulty, they say: "When in the equation of motion we write a finite mass for the charge, then in doing this we essentially assign to it formally an infinite negative 'intrinsic mass' of nonelectromagnetic origin, which together with the electromagnetic mass should result in a finite mass for the particle." Their circumvention of these problems is by means of an approximate alternative to the Abraham-Lorentz equation.
Peirls [13] finds fault with the Larmor eq. (10) He cogently discusses the ways that the equivalence principle has been preserved in resolving the paradoxes related to the acceleration of charge by a gravitational field and the presumed need to have  F rad  0 . Peirls points out that Pauli [12] was the first to argue that hyperbolic motion (free fall) of a charged particle does not lead to the emission of radiation. And hence there would be no radiation reaction force in free fall. This view is antithetical to that of Rohrlich [16] as discussed above in Sec. 3.
Conclusion
The inconsistencies of the radiation reaction force related to pre-acceleration, and energy run-away solutions are shown to be negligible because the radiation reaction force  F rad is exceedingly smaller than the previously unappreciated retardation force  F retard . It is shown that  F rad is inconsequential relative to  F retard for an electron and other charged subatomic particles due to their small radii. Because the retardation force is proportional to acceleration, it manifests itself as an inertial force. A prediction of this analysis is that for  v  c, the dynamic mass of an accelerated subatomic singly charged particle like an electron or proton is about1/137 higher than its rest mass.
What is important to bear in mind, is that even without radiation, an accelerated electron's changing magnetic and electric fields act back on the electron to retard its motion. And when the electron radiates, the radiation reaction force is so extremely negligible relative to the retardation force that  F rad is usually lost in the noise. The domination of


F
retard results in an easily measurable increase in dynamic mass. Acceleration of charged particles and most neutrals always results in greater mass, appears to be a novel finding.
